Background: Acquired Immune Deficiency Syndrome (AIDS) is the advanced stage of infection caused by Human Immunodeficiency Virus (HIV). HIV/AIDS had a great impact on society, both as an illness and as a source of discrimination. Non-Nucleoside Reverse Transcriptase Inhibitors (NNRTIs) are structurally diverse group of compounds which binds to Reverse Transcriptase (RT) enzyme of HIV. Like other anti-HIV drugs, long-term clinical effectiveness of approved NNRTIs has been hampered due to the rapid development of drug resistance. So, there is an urgent need to discover the NNRTIs, which can be effective against the drug sensitive as well as drug resistant strains of HIV-1 RT.
Background
Non-Nucleoside Reverse Transcriptase Inhibitors (NNRTIs) are important components of the preferred combination of antiretroviral therapy for the treatment of HIV infection [1, 2] . Tetrahydroisoquinoline (THIQ) scaffold containing natural products as well as synthetic derivatives have privileged position in the medicinal chemistry and reported for different biological activities like anti-microbial [3] , anti-cancer [4] , anti-viral [5] , anti-HIV [6] and others [7, 8] . Natural THIQs as inhibitors of HIV-1 and its enzyme reverse transcriptase were continuously reported in the literature. For example, michellamine-B (Fig. 1 ) an alkaloid from Ancistrocladus korupenis was reported for anti-HIV activity [9] . Other THIQ derivatives ( Fig. 1 ) reported in the literature against reverse transcriptase of HIV-1 were chelidoneme, magnoflorine [10] , O-methyl psychotrine sulphate [11] . Another series of benzyl THIQ derivatives, isolated from the leaves of Nelumbo nucifera contains Rcoclaurine ( Fig. 1 ) as active constituent also showed potent anti-HIV activity [12] .
Literature study revealed that, apart from the THIQs obtained from the natural resources, their synthetic analogues also showed significant potency against HIV-1 RT. In a similar study, two novel derivatives of THIQ ( Fig. 2a and b) showed excellent potency against wild strains of HIV-1 by inhibiting RT enzyme [13] . Another study [14] revealed that, compounds having pyrazine ring connected to the tetrahydroisoquinoline via thiaglycinamide linker (Fig. 2c ) and its bioisosters (Fig. 2d) , exhibited good potency against HIV-1 RT with IC 50 4.10 and 1.7 μM respectively. In another study, a series of 1-aryl-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinolines were synthesized and assayed for anti HIV-1 activity, most active compound of the series (Fig. 2e ) showed good potency with EC 50 16.9 μM [6] .
Even though, NNRTIs are structurally diverse compounds, still they contain numerous ubiquitous fragments in their structures and possess a common pharmacophoric model. This model includes an aromatic ring able to participate in pi-pi stacking interactions, amide or thioamide moieties capable of hydrogen bonding and one or more hydrocarbon-rich domain that participate in hydrophobic interactions [15] . So considering these crucial pharmacophoric features of HIV-1 RT inhibitor, we generated a common pharmacophoric model (Fig. 2f) . Based upon this model, new tetrahydroisoquinoline prototypes 5 and 8 were designed (Fig. 2) . Further using these prototypes, two series of novel thirty compounds 5a-o and 8a-o were synthesized and evaluated for in-vitro RT inhibitory activity. Structure activity relationship (SAR) studies of the test compounds were investigated based upon the in-vitro RT inhibitory potency. Molecular docking studies of most active compound were also carried out in order to know exact binding pattern at the active site of the receptor. These studies may help in further lead identification and designing of more potent molecules against HIV-1 RT.
Methods

Chemistry
All solvents and reagents purchased from Sigma or Merck companies were used as received without further purification. Solvent system used throughout experimental work for running TLC was ethyl acetate and hexane mixture (in suitable proportion) in order to monitor the progress of reactions. Melting points were uncorrected and determined in open capillary tubes on a Precision Buchi B530 (Flawil, Switzerland) melting point apparatus containing silicon oil. IR spectra of the synthesized compounds were recorded using FTIR spectrophotometer (Shimadzu IR Prestige 21, India). 1 H NMR spectra were recorded on a Bruker DPX-400 spectrometer (Bruker India Scientific Pvt. Ltd., Mumbai) using TMS as an internal standard (chemical shifts in δ). ESMS were recorded on MICROMASS Quattro-II LCMS system (Waters Corporation, Milford, USA). In-vitro HIV-1 RT inhibitory activity Current study involved the use of enzymatic assay for in-vitro screening of compounds against HIV-1 RT, apart from this human being or other animals were not used in the study. Synthesised compounds were evaluated for in-vitro HIV-1 RT inhibitory potency using colorimetric assay method (Roche diagnostics) and carried out as described in the kit protocol. Marketed drug efavirenz was used as reference during the study. Test is based upon the colorimetric enzyme immunoassay, which quantitatively determines the retroviral reverse transcriptase activity. 100 μM concentrations of the test compounds were used for in-vitro assay. Briefly, the reaction mixture was set with template primer complex, RT enzyme and dNTPs in the lysis buffer with or without inhibitors. Reaction mixture was incubated at 37°C for 1 h and then transferred to streptavidine-coated microtitre plate (MTP). The biotin-labeled dNTPs that are incorporated Fig. 2 Structure of tetrahydroisoquinolines (2a, 2b, 2c and 2e) and related analogue (2d) as potent inhibitor of HIV-1 and HIV-1 RT along with proposed pharmacophoric model (2f) and designed prototypes (5 and 8) in the template due to activity of RT were bound to streptavidine. The unbound dNTPs were washed using wash buffer and anti-DIG-POD was added to the MTP. The DIG-labeled dNTPs incorporated in the template were bound to anti-DIG-POD antibody. The unbound anti-DIG-POD was washed and the peroxide substrate (ABST) was added to the MTP. A colored reaction product was produced during the cleavage of the substrate catalyzed by a peroxide enzyme. The absorbance of the sample was determined at optical density (OD) of 405 nm using micro titer plate ELISA reader.
The % inhibition of HIV-1 RT was calculated using the following formula:
OD at 405 nm with inhibitor OD at 405 nm without inhibitor Â 100
Docking methodology
In-silico docking studies were performed using Glide 5. [18] . Prepared protein and co-crystallized ligand was employed to build energy grids using the default value of protein atom scaling (1.0 Å) within a cubic box of dimensions, centered on the centroid of the X-ray ligand pose. The structures of the designed analogues were drawn using ChemSketch and converted to 3D structure with the help of 3D optimization tool. By using the LigPrep 2.6 [19] module, the drawn ligands were geometry optimized. Partial atomic charges were computed using OPLS-2005 force field. Finally, 32 poses were included with different tautomeric and steric features for docking studies. Finally, prepared ligands were docked with prepared protein using Glide 5.9 module, in extra precision mode (XP). The best docked pose (with lowest Glide score value) obtained from Glide was analyzed. RMSD value was calculated between the experimental binding mode of ligand rilpivirine as in X-ray co-crystallized pose in 3MEE and Glide re-docked pose to ensure accuracy and reliability of the docking procedure. Physicochemical parameters of the synthesized compounds were in-silico predicted in order to evaluate their drug likeness properties using Qik-prop 3.7 [20] module of Schrödinger and online tool AdmetSAR [21] .
Results and discussion
Chemistry
The synthesis of target compounds 5a-o and 8a-o is outlined in Schemes 1 and 2 respectively. In Scheme 1, reaction of substituted anilines 1a-o and chloroacetyl chloride 2 in DCM, in the presence of triethylamine as a base afforded substituted 2-chloro-N-phenylacetamide (3a-o), which on subsequent treatment with hydrochloride salt of 6,7-dimethoxy tetrahydroisoquinoline (4), in acetonitrile in the presence of potassium carbonate as base afforded the title compounds (5a-o). In Scheme 2, reaction of chloroacetyl chloride (2) and 6,7-dimethoxy tetrahydroisoquinoline (4) in DCM as solvent and triethylamine as base gave intermediate 6. Further, for the synthesis of final compounds of series 8, reaction conditions were standardized using the conventional as well as microwave assisted synthetic approaches. Finally reaction of intermediate 6 with substituted anilines (7a-o) under solvent free, microwave condition in the presence of potassium carbonate as base afforded the final compounds in comparatively better yield than the conventional synthetic approach (8a-o).
All the synthesized compounds were characterized by spectral analysis. The IR spectra of 5a-o showed the expected absorption bands of amide hydrogen (−CONH-) at the region 3200-3500 cm −1 (strong, broad). Likewise compounds 8a-o contained secondary nitrogen (−NH-) which showed absorption peak in the region 3250-3400 cm −1 (strong, sharp). All the synthesized compounds possessed characteristic amide carbonyl (C = O) 
In-vitro HIV-1 RT screening
In-vitro studies of the test compounds (5a-o), showed weak to moderate activity against HIV-1 RT (Table 1) . Among the tested compounds, five compounds (5d, 5f, 5h, 5n and 5o) showed more than 50 % enzyme inhibition at tested 100 μM concentration. Substitutions with electron donating groups especially at the para position of the phenyl ring enhanced the potency against HIV-1 RT, for example p-methyl substituted compound 5d (52.46 % inhibition) exhibited 1.5 times more potent as compared to un-substituted one (5a) (34.32 % inhibition). Similarly, p-methoxy substituted compound 5f is more potent (56.23 % inhibition) as compared to the m-substituted compound 5e (44.21 % inhibition). Substitution with electron withdrawing group also altered potency against HIV-1 RT, halogen groups like chloro substituted compounds (5h, 5i and 5j) followed the pattern in decreasing order of potency ortho > meta > para. Similarly compound 5g having p-fluoro substitution decreased the potency, while substitution of phenyl ring with p-nitro group (5k) slightly enhanced the potency. Compound 5l with strong electron withdrawing group (m-trifluoromethyl) also showed less potency against HIV-1 RT. Upon di-substitution at phenyl ring, good enhancement in the potency was observed (compounds 5m, 5n and 5o). Compound 5n (3,4-dimethyl substitution) showed highest potency (58.12 % inhibition) among the tested 5a-o series of compounds.
Majority of compounds in 8a-o series showed more than 50 % inhibition of HIV-1 RT at 100 μM tested concentration except compounds 8a and 8d (Table 1) . Substitutions with electron-donating groups at phenyl ring like methoxy (compounds 8a, 8b and 8c) showed moderate potency against RT. Compounds substituted with electron withdrawing groups like fluoro (8d and 8e), potency was not changed much may be due to its very small size and very strong electron withdrawing nature. However substitution with other electron withdrawing groups like chloro, bromo, nitro and aceto (8f, 8g, 8h, 8i, 8j, 8k, 8l, 8m and 8n) on the phenyl ring increased the potency. Compounds having chloro substitution at the ortho and meta position (8f and 8g) did not showed any significant difference in potency, but substitution at para position (8h) significantly enhanced the potency (74.82 % inhibition of HIV-RT). Like chloro substituted compounds almost similar pattern of potency was exhibited by the bromo substituted compounds (8i, 8j and 8k). Substitution with cyano, an electron withdrawing group at the para position (8l) also significantly increased the potency. Apart from this, compound 8m and 8n having aceto and trifluoromethyl group at the meta position showed moderate to good potency (54.75 and 66.74 % inhibition) respectively against RT. Further, dimethyl substituted compound (8o) found to be more potent as compared to the single methoxy substituted compounds (8a, 8b and 8c). Among all the tested compounds, analogue (8h) exhibited highest potency (74.82 % inhibition of HIV-1 RT). 
Docking studies
In order to predict the exact binding mode and to know the interactions of most active compounds (8h and 8l) within NNIBP of HIV-1 RT, docking studies were carried out on X-ray coordinates of HIV-1 RT enzyme (PDB ID: 3MEE). To evaluate the accuracy and reliability of the docking procedure, cocrystallized native ligand rilpivirine was removed from its binding site of 3MEE and again subjected to dock into the same binding pocket (Fig. 3) . As a result, the value of RMSD obtained between experimental binding mode as in X-ray and re-docked pose for rilpivirine was 0.8, which suggested that docking procedure could be relied onto predict the exact binding mode of the designed compounds. Docking studies of the reference drug efavirenz showed that, its cyclopropyl ring extents towards deep hydrophobic pocket surrounded by amino acids Tyr-188, Tyr-181, Leu-100 and Trp-229 and chloro phenyl ring showed hydrophobic interaction with Tyr-318 and Val-106 residues (Fig. 4) . Apart from hydrophobic interaction, NH of the efavirenz form strong hydrogen bond interaction with the C = O of the Lys-101. These strong hydrophobic and hydrophilic interactions of efavirenz with receptor may accounts for good insilico activity.
However, analysis of best docked pose of two most active compounds 8h and 8l revealed that their 6,7-dimethoxytetrahydroisoquinoline nucleus form strong hydrophobic interaction with amino acids like Tyr-188, Tyr-181 and Trp-229 (Figs. 5 and 6 ). Other hydrophobic wing of 8h (p-chloro phenyl) showed hydrophobic interactions with Val-106 and Tyr-318 (Fig. 5b) , while second wing of 8h (p-cyano phenyl) exhibited hydrophobic interactions predominantly with Tyr-318 (Fig. 6b) . Moreover NH of both ligands form hydrogen bond interaction with Lys-101, which is generally considered crucial for the RT inhibition activity and additionally enhanced the binding affinity of ligands 8h and 8l with HIV-1 RT. Substitution at the para position of phenyl especially with electron withdrawing groups of moderate size like chloro and cyano in 8h and 8l respectively enhanced the hydrophobic area of contact between the ligand-receptor complex and may be responsible for their significant in-vitro activity.
Predicted in-silico drug likeness properties ADMET (Absorption, Distribution, Metabolism, Excretion and Toxicological) parameters play very crucial role in the discovery and development of novel drugs. Currently available drugs in the market possess a balance of desirable ADMET properties and intrinsic potency. Lipinski's rule of five (RO5) helps to predict the presence of drug-like physicochemical properties in a given compound, these properties affect as drug's pharmacokinetics (ADMET) in the human body. Drug candidates that comply with the Lipinski rule of five have less failure rate during the clinical trial.
So in our study, physicochemical parameters of the synthesized compounds were in-silico generated in order to evaluate their drug likeness properties using Qik-prop module of Schrödinger and online tool AdmetSAR (Table 2) . Results obtained in this study revealed that, the in-silico generated parameters of all synthesized derivatives were within the acceptable range of drug-likeness. General range of physicochemical parameters for drug likeness varies as: Mol. wt. (150-650), H bond donor (≤5), H bond acceptor (≤10) Log Po/w (−0.4 to 5.6), Log S (−6.5 to −0.5), Log BB (−3.0 to 1.2), % Human oral absorption (≥80 % is high and ≤25 % is poor).
Experimental
General procedure for the synthesis of substituted 2-chloro-N-phenylacetamide (3a-o) Chloroacetyl chloride 2 (1.68 g, 1.5 mmol) was added dropwise to the ice cooled stirring solution of substituted anilines (1a-o) (1.5 mmol) in DCM, in the presence of triethyl amine (4.5 mmol, 0.46 g) as base. Reaction was further stirred at rt for 2 to 3 h, progress of the reaction was monitored with TLC. After completion of reaction, DMC layer was washed with distilled water, dried over sodium sulphate and evaporated on rotary evaporator to yield the intermediates (3a-o).
General procedure for the synthesis of substituted 2-(6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)-N-phenyl acetamide (5a-o) Substituted 2-chloro-N-phenylacetamide (intermediates 3a-o, 1 mmol) was added to the stirring reaction mass of 4, in acetonitrile in the presence of Fig. 3 Re-docked pose of rilpivirine (green) with X-ray co-crystallized (gray) structure in NNIBP of 3MEE potassium carbonate as base. Reaction mass was further allowed to reflux for 5 to 7 h, progress of the reaction was monitored by the TLC (Scheme 1). After completion of reaction, solvent acetonitrile was evaporated on rotary evaporator; water was added to the reaction mixture and extracted twice with equal volume (25 ml) of ethyl acetate. Combined ethyl acetate layer was washed with brine water, dried over sodium sulphate and evaporated on rotary evaporator to afford the final compounds 5a-o.
Synthesis of 2-chloro-1-(3,4-dihydro-6,7-dimethoxyisoquinolin-2(1H)-yl)ethanone (6)
Chloroacetyl chloride 2 (2.24 g, 20 mmol) was added dropwise to the ice cooled stirring solution of starting material 4 (4.6 g, 20 mmol) in DCM, in a round-bottom flask using triethyl amine (7.0 ml, 50 mmol,) as base (Scheme 2). Reaction mixture was further stirred at rt for 2.5 h until completion as per TLC. After completion of reaction, DMC layer was washed with distilled water once and then with brine water and dried over sodium General procedure for the synthesis of substituted 1-(6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)-2-(phenylamino) ethanone using Microwave irradiation (8a-o) 2-methoxyaniline (7a) (0.12 g, 1 mmol) and chloro intermediate 6 (0.27 g, 1 mmol) was taken in microwave reaction vial in presence of potassium carbonate as base (0.347 g, 2.5 mmol) (Scheme 2). The microwave oven model Cata RI was programmed to 300 W at 100°C for 2 to 4.5 min. The reaction was monitored using TLC. After completion of reaction, ice water was added to the reaction mixture which resulted the precipitation of the product. The solid product was filtered off and washed with excess cold water and dried to afford product 8a. Similar apporoach was followed for the synthesis of rest of the compounds (8b-o).
The spectral characterization of the synthesized derivatives 2-(6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)-Nphenylacetamide (5a) 
